O#ctives. The purpose of the present study was to assess the feasibility of and electrophysiologic criteria for successful radiofrequency catheter ablation of left-sided accessory pathways during atrial fibrillation in patients with Wolff-Parkinson-White syndrome.
radiofrequency pulses (range 1 to 8, median 2). Presence of an accessory pathway potential (94% vs. 44%), early activation time of the ventricular electrogram (-3.2 j: 9.2 vs. -15.3 f 12.6 ms) and recording of atrial activation (88% VS. 61%) from the ablation catheter were helpful in identifying successful sites (p < 0.001, p < 0.001 and p < 0.05, respectively, compared with unsuccessful sites). In addition, the ventricular activation time in relation to the intrinsic deflection of the unipolar electrogram was significantly earlier at successful than unsuccessful sites (18.1 -C 4.8 vs. 24.4 2 6.6 ms, p < 0.01). A QS complex on the unipolar electrogram was observed at 96% of successful sites and at 94% of unsuccessful sites (p = 0.74). Multivariate logistic regression analysis revealed that the presence of an accessory pathway potential (p < 0.002) and early ventricular activation time in relation to the onset of the QRS complex (p < 0.001) were independent predictors of ablation success.
Conclusions. Localization and radiofrequency catheter ablation of left-sided accessory pathways is possible in patients with sustained atrial fibrillation and rapid anterograde conduction over the accessory pathway during the ablation procedure. The electrophysiologic criteria described here can he used to reliably identify successful sites for radiofrequency ablation.
(J Am CoU CardiolI995;25: procedural complications. Localization and subsequent catheter ablation of accessory pathways is usually performed during sinus rhythm in patients with an overt accesscuy pathway or during orthodromic tachycardia in those with a concealed accessory pathway (1,2,4,.5). Several electrophysiologic criteria for bipolar and unipolar electrograms have been proposed to identify successful target sites for ablation (2, 7, 8) .
In a substantial number of patients with Wolff-ParkinsonWhite syndrome, atrial fibrillation is the clinical tachyarrhythmia that may occur before or after reentrant tachycardias encompassing the accessory pathway, or it may even be the only arrhythmia, leading to rapid ventricular response through the accessory pathway and, in rare cases, to sudden cardiac death. The onset of atria1 fibrillation sometimes complicates the localization and ablation procedure because no standard electrophysiologic study can be perfc-med during atria1 fibrillation. Thus, antiarrhythmic drugs are given, or cardioversion is performed, to terminate atria1 fibrillation. However, antiarrhythmic drugs are not always effective and may significantly affect the eiectrophysiologic study. In addition, accessory pathway block might occur after injection of an antiarrhythmic agent, making localization of the pathway impossible. Cardioversion is nearly always effective, but genera1 anesthesia is necessary, and atrial fibrillation may recur, requiring a second cardioversion.
This report presents our experience and electrophysiologic findings in 19 consecutive patients with Wolff-Parkinson-White syndrome in whom the entire localization procedure and ablation of the accessory pathway was attempted during atria1 fibrillation with rapid anterograde conuuction over the accessory pathway.
Methods
Patients. Nineteen (8.2%) of 231 consecu!ive pat'ents who underwent radiofrequency catheter ablation of a left-sided accessory pathway at our institution developed sustained atria1 fibrillation either spontaneously or during the diagnostic part of the ablation session and formed the study group. All patients were male and had a mean age (YSD) of 44 t 16 years (range 18 to 77). Seventeen of these 19 patients had a history of sustained orthodromic AV tachycardia. In addition, 16 patients had a history of at least one episode of atria1 fibrillation with rapid conduction over the accessory pathway. One patient had permanent atrial fibrillation. Two patients had a history of recurrent syncope, and one was resuscitated from ventricular fibrillation. Sixteen of the 19 patients had no evidence of organic heart disease; 2 had coronary artery disease; and 1 had a secundum atria1 septal defect. This patient had undergone previous surgical closure of the atria1 septal defect and unsuccessful surgical ablation of the accessory pathway.
Electrophysiologic studies. After written informed consent had been obtained, patients underwent intracardiac electrophysiologic study in a nonsedated and fasting state with conventional techniques of intracardiac recording and stimulation previously reported by our laboratory (2,3) in patients who had sinus rhythm on arrival in the catheterization laboratory, multipolar electrode catheters with interelectrode distances of 5 or 10 mm were introduced percutaneously from peripheral veins and were positioned in the high right atrium, across the tricuspid valve to record the His bundle potential, and in the right ventricular apex. When atria1 fibrillation occurred during positioning of the diagnostic catheters, the ablation catheter was inserted, and the patients immediately underwent ablation. Patients who had atria1 fibrillation at the beginning of the procedure were treated with the singlecatheter technique, as described by Kuck et al. (9) . Left ventricular endocardial mapping was performed with a 7F deflectable catheter with a 4-mm tip electrode (Mansfield "Polaris" or Osypka "Cerablate," Dr. P. Qsypka, GrenzachWyhlen, Germany) introduced from the right or left femoral artery. Positioning of the diagnostic catheters and endocardial mapping was performed under biplane fluoroscopy using standard projections (left anterior oblique 3Ct", right anterior oblique 60"). Intravenous heparin (4,000 to 8,099 U) was administered in all patients during the ablation session. Effective anticoagulation with heparin was continued for 72 h.
Three leads of the surface electrocardiogram (leads I, II, V,), bipolar electrograms from the distal and proximal electrode pairs, respectively, and a unipolar electrogram (filter setting 0.5 to 1,000 Hz, amplification 10 mm/mV) from the distal electrode of the ablation catheter were displayed and recorded simultaneously with a paper speed of 100 or 200 mm/s. Amplification of intracardiac electrograms was -1,000 times (filter setting 40 to 500 Hz). The data were also stored on a multichannel tape recorder for further reproduction.
The amplitude, configuration and timing of the components of the local bipolar electrograms and the unipolar electrograms were determined. Measurements of the time intervals from unipolar and bipolar target site electrograms are illustrated in Figure 1 . The local bipolar electrograms obtained from the distal pair of electrodes of the ablation catheter were classified by the presence or absence of atria1 activation, the presence or absence of a presumed accessory pathway potential and various time intervals, as described later. The presence or absence of atria1 activation or accessory pathway potential recorded bipolar from the ablation catheter was expressed as a discrete variable. Because of the variable extent of the amplitude of the atria! electrogram during atria1 fibrillation, the atrial ventricular ratio of the local electrograms was not calculated. Identification of accessory pathway potentials was based on configuration and timing: A sharp, rapid deflection preceding the ventricular component of the local electrogram and inscribing at least 10 ms before the onset of the pre-excited QRS complex in the surface ECG and the intrinsic deflection of the unipolar electrogram were classihed as an accessory pathway potential (Fig. 1) . In addition, an accessory pathway potential was assumed only when the defiection was distinct from the ventricular component of the electrogram and stable during all pre-excited beats hut disappeared during non-pre-excited beats (Fig. 2) . The amplitude of the potential and the time interval from the potential to the onset of the pre-excited QRS complex on the surface ECG as well as to the intrinsic deflection of the unipolar electrogram were measured. However, no stimulation studies could be performed during atrial fibrillation to validate that these deflections represent direct activation of the accessory pathway. From the ventricular component of the bipolar electrograms, both the onset of activation and the activation time were calculated as proposed by C&ins et al. (7) . The onset of ventricular activation was defined as the first deflection from baseline >30" at a paper speed of 200 mm/s and ventricular activation time as the point of maximal amplitude of the ventricular electrogram (Fig. 1) . The time intervals frtim the ventricular electrogram onset and The unipolar electrogram obtained from the tip electrode of the ablation catheter was classified by configuration, as proposed by Haissaguerre et al. (8) . From the intrinsic deflection, the time intervals to the onset of the pre-excited QRS complex in the surface ECG and to the point of ventricular activation of the local bipolar electrogram were measured. In addition, the extent of ST segment elevation of the unipolar electrogram was determined.
All electrophysiologic criteria were analyzed from maximally pre-excited beats. Because the variable extent of preexcitation resulting in significant changes in unipolar and bipolar electrogram characteristics, criteria for catheter stability could not be reliably obtained.
Radiofrequency ablation. Radiofre+ency ablation was performed using a custom-built generator (HAT 2OOS, Dr.
Osypka GmbH) capable of delivering unmodulated 500 kHz at constant adjustable voltage and period. Radiofrequency cur- rent was applied between the tip electrode of the ablation catheter and a patch electrode (11 X 16 cm) placed on the back of the patient. Current and impedance were measured and recorded continuously throughout radiofrequency current application. In all patients, radiofrequency current was applied to the ventricular insertion of the accessory pathways. Radiofrequency output power varied between 2.5 and 50 W. Duration of radiofrequency current application was 60 s; however, at most unsuccessful sites, current application was stopped after 10 to 15 s.
Statistical analysis. Statistical analysis was performed using SPSS software. Continuous variables were compared by Student t test or the Mann-Whitney U test when appropriate, and discrete variables were compared using chi-square analysis. Continuous variables are expressed as mean value + 1 SD. The 95% confidence intervals for the success and failure rates were calculated using Pearson-Clapper values. Multivariate stepwise logistic regression was performed to select the group of variables that best predicted outcome. Probability values <0.05 were considered significant. 
Results
Electrophysiologic data and results of radiofrequency catheter ablation. Clinical and electrophysiologic characteristics of the patients are presented in Table 1 . In one patient (Patient 2), 1 mg/kg of ajmaline was administered intravenously because of hemodynamic compromise due to fast anterograde conduction over the accessory pathway with a mean ventricular rate of 220 beats/min. Ajmaline slowed the ventricular rate to -170 beatslmin but did not induce aoterograde block of the pathway or conversion of atria1 fibrillation to sinus rhythm.
The accessory pathways were localized in the left posteroseptal (n = 6), posterior (n = l), posterolateral (n = 7) and lateral (n = 5) regions of ihe mitral valve annulus. All patients had predominant or coiisistent anterograde conduction over the accessory pathway. Mean ventricular rate was 173 + 26 beats/min (range 130 to 220). The shortest mean RR interval during atria1 fibrillation measured 234 2 41 ms (range 180 to 340). No patient had evidence of a second anterogradely conducting accessory pathway A total of 57 radiofrequency pulses were delivered to different endocardial sites. Anterograde accessory pathway conduction was successfully ablated during atria1 fibrillation in 18 (95%) of 19 patients (95% confidence interval [CI] for success 0.52 to 0.98, 95% CI for failure 0.006 tl? 0.25), with a mean of 3 +-2 radiofrequency applications (median 2, range 1 to S). There was no significant difference between successful (n = 18) and unsuccessful (n = 39) radiofrequency applications with respect to radiofrequency power delivered (39 2 11 vs. 34 + 14 W). Total delivered energy was significantly higher at successful sites (1,292 + 529 J) than at unsuccessful sites (787 2 521 J) (p C 0.01). However, this was due to the fact that energy application was stopped prematurely at most unsuccessful sites if anterograde conduction was not interrupted after 10 to 15 s. At successful sites, pre-excitation disappeared within 1 to 8 s (mean 3 -C 2, median 3) after the onset of cmrcnt delivery (Fig. 3) .
Accessory pathway conduction persisted after six radiofrequency pu!ses applied during atria1 fibrillation in only one patient (Patient 12). This patient underwent subsequent electrical cardioversion, and another six radiofrequency pulses were delivered during sinus rhythm to the ventricular insertion of the accessory pathway but were also not effective. Mapping of the atrial insertion of the accessory pathway using the retrograde approach was then performed during orthodromic tachycardia, and the pathway was ablated with two additional radiofrequency applications.
Duration of the total procedure varied between 60 and 240 min (mean 14.5 lr 49, median 120); duration of the mapping procedure varied between 5 and 1.50 min (mean 49 2 41, median 30), respectively (Table 1) . Radiation exposure time varied between 3.5 and 61.7 min (mean 29 t 17, median 21).
Electrophysiologic criteria to identify successful sites for catheter ablation during atria1 fibrillation. To identify successful sites for ablation of accessory pathways during atrial fibrillation, several criteria from unipolar and bipolar electrograms were analyzed ( Fig. 1 and 2 , Tables 2 and 3 A QS complex on the unipolar electrogram was recorded at nearly all successfui and unsuccessful sites (96% vs. 94%, p = 0.744) ( Table 2 , Fig. 4 ). The time interval from the intrinsic deflection to the onset of the pre-excited QRS complex tended to be earlier at successful sites than at unsuccessful sites; however, the difference was not significant (p = 0.053). The onset of accessory pathway activation in relation to the intrinsic deflection of ,(?il: unipolar electrogram was not significantly earlier at successkl compared wit:] unsuccessful sites (15. 3 2 4.3 vs. 12.3 t 6.9 ms, p = C.177). However, activation time of the ventricular electrogram in relation to the intrinsic deflection was significant!y earlier at successful sites (p < 0.01). All other criteria from unipolar or bipolar electrograms, or both, summarized in Table 2 , were not significantly different between the two groups.
Using multivariate logistic regression analysis, the independent predictors for outcome of radiofrequency ablation of left-sided accessory pathway during atria1 fibrillation were presence of an accessory pathway po?ntia! (p < 0.002) and ventricular activation time in relation to the onset of the ABLATION OF ACCESSORY PATHWAY DURING ATRIAL FIBRILLATION pre-excited QRS complex (p e 0.001). Table 3 surm~arizes the duction in the surface ECG. A control electrophpsiologic study predictive values of three discrete variables that were analyzed.
was performed in both patients with palpitations but no The combination of these variables had a high sensitivity documented arrhythmias 9 and 12 months after the successful (88%) and negative predictive value (90%), a good specificity ablation. Both patients had no evidence for recurrence of (76%), positive predictive value (76%) and accuracy (80%).
accessory pathway conduction. Electropbysiologic study after ablation and follow-up. In one patient with permanent atria1 fibrillation, no control study was performed because of recurrence of anterograde accessory pathway conduction 26 h after successful ablation. This patient refused a second ablation attempt and was treated with antiarrhythmic drugs. One additional patient who was successfully treated refused a control study. No pre-excitation was evident in the surface ECG at discharge, and the patient was free of tachycardias during follow-up (12 months). Thus, 16 of 18 patients with a successful early outcome underwent a predischarge electrophysiologic study 4 to 6 days after ablation. All 16 patients were in sinus rhythm, 14 of 16 had spontaneous conversion to sinus rhythm 1 to 26 h after the ablation session, and 2 patients converted to sinus rhythm after a single intravenous injection of flecainide (1.0 to 1.5 mgikg body weight) given 24 h after ablation. Anterograde block of the accessory pathway was confirmed in all patients. Fourteen of 16 patients had no evidence for retrograde accessory pathway conduction. One patient (Patient 4) had retrograde conduction only over a left posterolateral accessory pathway. Thus, it is possible that only anterograde conduction was successfully ablated. However, a second accessory pathway conducting only retrogradely close to the ablation site cannot be excluded. Because this patient underwent ablation as a result of recurrent atria1 fibrillation with anterograde conduction over the accessory pathway and no reentrant tachycardias were inducible during electrophysiologic study, the patient preferred to postpone a second ablation session in case of spontaneous occurrence of orthodromic tachycardia. In one patient, sustained atria1 fibrillation occurred during catheter positioning, and assessment of retrograde conduction properties was not possible. However, this patient was free of tachycardias during an &month follow-up period.
Discussim
Background and main findings of the study. The occurrence of atria1 fibrillation during an electrophysiologic study or during catheter ablation in patients with accessory pathways is a common problem. In our own series, sustained atria1 fibrillation during radiofrequency ablation of left-sided accessory pathway occurred in 19 (8.2%) of 231 patients during the enrollment period of this study. In patients with sustained atria1 fibrillation, it is often time-consuming to terminate atria1 fibrillation by drugs or electrical cardioversion, and in some patients atria! fibrillation cannot be terminated by drugs or repeatedly recurs after electricai cardioversion. Thus, on the basis of our experience of successful radiofrequency ablation of accessory pathways during sinus rhythm in >300 patients, we decided to attempt ablation of accessory pathways during atria1 fibrillation. The results of the present study clearly show that localization and radiofrequency catheter ablation of leftsided accessory pathwaj;s during atria1 fibrillation is feasible. In addition, the results include findings in a total of 19 consecutive patients, a fairly large group that also allowed a detailed analysis of local electrogram criteria from unipolar and bipolar electrogram ret :rdings to identify successful target sites for radiofrequency ablation of left-sided accessory pathways during atria1 fibrillation.
During a long-term follow-up period of 15 t 5 months (range 5 to 26), patients were seen on an outpatient basis at 6 and 18 months. One patient with a successful early outcome had a recurrcncc of anterograde accessory pathway conduction that was detected 6 months after ablation. This patient underwent a second successful radiofre+ziuy ablation. Thus, by taking the recurrence rate into consideration, the long-term success rate of radiofrequency ablation of the left-sided accessory pathway during atria1 fibrillation was 79% (15 of 19) (95% CI for success 0.47 to 0.94; 95% CI for failure 0.09 to 0.44).
Of the 17 patients who have completed the 6-month follow-up period, 3 had documented paroxysms of atria1 fibrillation. However, medical treatment with verapamil and digitalis was necessary in only one patient because of fast ventricular rate during atria1 fibrillation. Two additional patients had no documented arrhythmias but had symptoms compatible with paroxysmal episodes of atria1 fibrillation. None of the five patients had evidence for anterograde accessory pathway conRadiofrequency ablation of accessory pathways during atrial fibrillation. Successful localization and catheter ablation of accessory pathways in patients with Wolff-ParkinsonWhite syndrome during atria1 fibrillation has not yet been reported. Kunze et al. (10) have described one patient in whom radiofrequency catheter ablation was successfully performed during atrial fibrillation. However, in this patient, the pathway was localized during sinus rhythm (10). Haissaguerre et al. (11) evaluated a series of patients with Wolff-Parkinsr,, '""bite syndrome in whom atria1 fibrillation was induced to c -. Ire the configuration of the maximally pre-excited QRS c jmplex wi!h that during stimulation with the abiation catheti at the suspected site of the accessory pathway insertion. However, in these patients, the accessory pathways were localized during sinus rhythm before the induction of atria1 fibrillation (8) . Thus, we believe that the present study is the first to show that precise localization and radiofrequency catheter ablation of accessory pathway is possible during atria1 fibrillation with a success rate as high as that achieved with ablation of left-sided zccessory pathways during sinus rhythm (1,4,5). Only one of the 19 patients was unsuccessfully treated during atria1 fibrillation. In this patient, it was also impossible to ablate the ventricular insertion of the accessory pathway during sinus rhythm, suggesting an atypical intramural or even epicardia! insertion of the pathway. Ablation at the atria1 insertion of the pathway was hnally successful in this patient. When the results of the present study are compared with those of others (I.43 and our previous results for radiofrequency ablation of accessory pathways during sinus rhythm or induced orthodromic tachycardia with respect to number of radiofrequency impulses delivered and procedural and fluoroscopic duration, it appears that the procedure can be performed relatively fast and with fewer radiofrcquescy impulses during atria! fibrillation. Most important, no significant complications occurred during the ablation session. Some patients were transiently and mildly hemodynamicaily compromised during the first few minutes after the onset of atria! fibrillation. However, other than intravenous administration of ajmaiine to slow anterograde accessory pathway conduction in one patient, no interventions were necessary in the others.
Electropbysiologic criteria for catheter ablation of accessory patbwqs during atria1 fibrillation. Several groups have reported criterta for the identification of successful target sites for catheter ablation of accessory pathways if mapping is performed during sinus rhythm or orthodromic tachycardia (2.7,8) . From these studies it can be conc!uded that the presence of an accessory pathway poten!ia! and the timing of the local ventricular eiectrogram relative to the QRS complex of pre-excited beats are the most powerful predictors for ,uccessfu! ablation. In general, the present study shows that the same holds true for ablation of accessory pathways during atria] fibrillation. The incidence of accessory pathway potential recordings at successful ablation sites in the present study is higher than that reported by others (2,S). However, this might at least in part be due to the fact that measurements in this study were performed during maximally pre-excited beats, which might increase the likelihood of accessory pathway potential recording. In addition, there was a trend toward higher accessory pathway potential amplitudes at successful versus unsuccessful sites, suggesting a closer proximity of the ablation catheter to th,: accessory pathway. The time interval between the accessory pathway potentials and the onset of the pre-excited QRS complex was not significantly different in both groups. Similar to a previous analysis of Caikins et al. (7) the onset of the ventricular potential in relation to the QRS complex lacks predictive power for ablation success, This might be due to the well known effects of far-field electrical activity on bipolar eiectrogram onset. However, the activation time of the local ventricle as assessed by the major deflection of the bipolar eiectrogram in relation to the pre-excited QRS complex as well as in relation to the intrinsic deflection of the unipolar eiectrogram was significantly earlier at successful sites. Thus, local ventricular activation time rather than onset of activation shou!d be used to identify potential target site eiectrograms. The importance of the presence of an accessory pathway potenti& as well as an early timing of ventricular activation in the local bipolar eiectrogram is also evident from :he multivariate logistic regression analysis because these variables could be identihcd as independent predictors of successful ablation.
With respect to the criteria from unipoiar recordings, Haissaguerre ct ai. (8.) showed that a QS configuration of t!ae local unipoiar :zlectrogram is predictive of successful ablation. whereas a QrS configuration indicates a reduced likelihood of ablation succc is. This finding cannot be extended by the present study to unipolar eiectrograms obtained during atria! fibrillation because a QS configuration was recorded at nearly ail successful and unsuccessful sites. The reason for this discrepancy is not clear; however, it may be speculated that a QS configuration of the unipolar eiectrogram can be recorded over a wider area during atrial fibrillation with maximal pre-excitation compared with that during sinus rhythm. During the mapping procedure, multiple sites with a QrS configuration of the unipoiar electrogram were analyzed; however, on the basis of both unipoiar and bipolar criteria these sites did not indicate sufficient evidence for ablation success, and nc:,energy was delivered. Thus, the predictive value of Q5 VU 1s QrS configuration during atriai fibrillation cannot be concmsiveiy judged from the present study. Nonetheless, recording of unipolar eiectrograms appears to be of practical importance because the criteria from the unipo!sr electrogram (qRS vs. QrS vs. QS configuration) can be recc+rriFer+ quickly and reproducibly. In addition, mcasurements of local activation times can bc made faster and with more accuracy using the intrinsic dehection of the uaipoiar eiectrogram as a landmark compared with the onset of the pre-excited QRS complex, which is sometimes difficult to assess, especially during atriai fibrillation with fast but irregular anterograde conduction over the accessory pathway. As shown in Table 2 , measurements of activation time of the ventricular electrogram in relation to the intrinsic deflection of the unipolar eiectrogram were very useful for the identification of appropriate target sites for ablation. Because the unipoiar eiectrogram can be very quickly and easily to interpreted, the first step of the mapping procedure in the present study was based mainly on the configuration of the unipoiar electrogram. All sites with a qRS and most sites with a QrS pattern were disregarded. Whenever the unipoiar electrogrsm indicated a close position of the ablation catheter to the accessory pathway, as evident from a QS configuration, mapping criteria from the bipolar eiectrograms were applied. The catheter was manipulated very carefully within this area until a high amplitude accessory pathway potential could be identified inscribing at least 10 ms before the intrinsic deflection of the unipolar eiectrogram and atria1 activation recordea bipolar from the ablation catheter was present. These three criteria combined had a high sensitivity and negative predictive value and a fairly good specificity, positive predictive value and accuracy. The high success rate with a median of two radiofrequency pulses delivered and the relatively short duration of the whole ablation procedure clearly show that the approach described in this report can be recommended for ablation of left-sided accessory pathways during atria! fibrillation.
Study limitations. Our data show that catheter ablation of overt left-sided accessory pathways during atria1 fibrillation can be performed relatively fast and with a high success rate. However, this does not imply that the procedure can be rec~omncr,ded per se. The effects of catheter ablation on the retrograde conduction of the accessory pathway cannot be assessed during atria1 fibrillation, and in the present study a second electrophysiologic test was necessary to confirm retrograde block of the accessory pathway with the disadvantage of a longer hospita! period. To avoid this disadvantage, it might be reasonable to have patients undergo electrical cardioversion at the end of the ablation procedure and immediate!y assess retrograde conduction. However, because only 1 of 18 patients undergoing ablation during atria1 fibrillation had evidence for recurrence of retrograde accessory pathway conduction during the electrophysiologic study performed 4 to 6 days after ablation, it seem also reasonable to rely solely on the surface ECG to detect anterograde accessory pathway conduction recurrence and on the clinical follow-up instead of performing an early repeat elcctrophysiologic study. In accordance with a recent analysis (12) on recurrence of accessory pathway conduction after successful radiofrequency catheter ablation, we currently do not perform a predischarge or late electrophysiologic control study after ablation in patients free of arrhythmias and without evidence of accessory pathway conduction recurrence in the surface ECG, whether or not ablation was performed during sinus rhythm or atrial fibrillation. The electrophysiologic criteria described in the present study to identify successful ablation sites are valid for ablation of left-sided accessory pathways only. Although our initial experience with radiofrequency catheter ablation of right-sided accessory pathwavs during atria1 fibrillation indicates that comparable criteria can be used to identif) successful sites, experience in a larger patient group is necessary to confirm these findings (13) .
It is well known that atria1 fibrillation with rapid conduction over the accessory pathway can severely compromise the patient and may on rare occasions induce \,:ntricular fibrillation. Thus, it is necessary to proceed cautiously and to be aware cf this complication. No complications were observed in this study; however, the number of patients included is relatively small, and further experience is required to encure the safety of this procedure.
Application of multiple radiofrequency pulses to adjacent sites as performed in some patients in this study might have significantly affected analysis of the local electrograms. An analysis in a subgroup of patients who had successfril ablation with a single radiofrequency pulse (6 (32%] of 19 patients) revealed that the criteria for ablation success are not different from those for ablation with multiple pulses. However, the group of patients with single-pulse ablation was too small to allow a statistical comparison with the other patients We thank Lutz Reinhardt, MSc for valuable help with the statistical analysis of the data.
